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Abstract. We study the anisotropy of magnet i fluctuations mecasured by the
Ulysses 81 yacecraft in the fast solar wind from the south polar lole. The fluctuations
in the range bet ween 1 min and hall- an-hour are conisidered. These fluctuations are
believed to be associated witha turbulent cascade of energy. We investigated several
intervals when the spacecraft measurements sampled the solar windalong the mean
magnetic field. These intervals are compared wilh others during which the spacecraft
sampled the solar wind inthe direction perpendicular to themecanmagnetic ficld. we
have also studied several e¢xamples of turbulence within CMlis observed try Ulysses at
large latitudes. Although an anisotropy is detected, the anisotropy is found to be weak
compared with the anisotropy of the solar wind fluctuations inthe ecliptic plane or the
anisotropy of the laboratory MIID plasma, The main cause of the difference is the large
amplitude of fluctuations relative o the meanmagnetic field. The results are discussed

inrelation to M1 11) models of anisotropic turbulent.c.



Introduction

Solar wind fluctuations are considered to be coniposed of mnagnctohydrodynamic
waves, mainly Alfvén waves [for a review sec Roberts and Goldstcin,1991; arid Marsch,
1991 ]. According to both theoretical and observational evidence, the interaction between
these waves results in a turbulent cascade on small scales. 1n early studies, asa rule,
the turbulence was treated as isotropic. The presence of a large- scale interplanetary
magneticfieldinthe solar wind, however, distinguishes a direction, hence this turbulence
is nol expected to be isotropic. Indeed, Matthacus ¢i al. [1990] demonsirated, using
1SE1-3 data, that the turbulence in the ecliptic planc near 1 AU is anisotropic. Recently
Malthaeus et al., [1 994] and Bieber et al., [1 995] found that mmagnetic fluctuations
observed by the Helios spacecraft inthe ecliptic plarie can be fit with a model in which
the fluctuations consist of 85% two- dimensional wave turbulence developed in the plane
perpendicular to the mean magnetic field, and 15% wave turbulence with the waves
propagating along the mean field.

Anisotropic turbulence was first studied in laboratory plasmas. Plasma turbulence
in pinches and tokamaks is highly anisotropic due to the imnposed strong magnetic fields
[see for example IRRobinson and Rusbridge,1971]. The correlation length perpendicular
to the magnetic field is much shorter than that paralel to the field.

In agreement with laboratory research and solar wind observations in the ecliptic
plane, numerical simulations of MHD in the presen ce of an externald.c. magnetic
field show the development of anisotropic turbulence from initially isotropic turbulence
[Shebalinel al., 1983; Oughtonet al., 1994]. Space studies aic of special importance
because high magnetic Reynolds number MHD {ur bulence cannot be produced in
the laboratory, andit is difficult to simulate high inagnetic Reynolds number MID
turbulence numerically.

Recent ly theoretical studies of M 111) {urbulence inan astiophysical context have

been made by Goldreich and Sridhar., [1995]. These authors come to the conclusion



that the well known theory of isotropic, MID turbulence that predicts k=372

spectrum
[Iroshnikov,1964; Kraichnan, 1 965] isincorrect. A disagrecment with some basic
aspects of the Goldreich and Sridhar work has already been recorded [Montgomery and
Matthacus,1994]. Iu the present paper (see aso Ruzmatkinelal, [1995]) we show that
isotropic. MI] 1) theory is a good approximation under conditionswh ich are valid in the
solar wind from the polar hole.

In this paper we study fluctuations in the solar wind fromn the south polar hole at
high latitudes asincasured by the Ulysses magnctometer. ‘1'0 look for the anisotropy
we conistruct power spectra and correlation functions for periods whendata were taken
along the large-scale magnetic field and periods when data were taken in the direction
perpendicular (or near perpendicular) to the field. We compare our observational results
with M1l D nodecls predicting the form of spectra and the degree of anisotropy.

Ulysses data taken in high-specd wind from the polar hole (relatively undisturbed
by CMEsand similar events) provide a unique tool for studying M 111) turbulence.
The high solar latitudinal position of the spacecraft allows thestudy of turbulence
in regions of the solar wind different from those studied by other spacecraft. The
Ulysses experiment [Baloghel al., 1992; Bame et al., 1992; J. L. Phillips et al., 1995] is

supplying us with excellent data on animpor ant and fundamnental physical problem.

Theoretical Background

Turbulence is commonly characterized by two spatial scales: alarge scale at which
the energy is input, and a small scale at which the energy is dissipated[Mo nin and
Yaglom,1 975]. The interval bet ween these scales, called theinertial range, is self-
similar i.e. hasno preferred scale, Thisself-similarity of the inertial range implies that

thespectrumn follows a power-law. The self-silni]ar solutions existat least inthe limit of




an ideal incomnpressible fluid described by the equations

db

S Vb = (V) (1)
% L (VW) = (bV)b— Vp (2)

where v is the velocity ficld,b is the magnetic field normalized by the factor (47p)!/? p
is the density, and p is the pressure. These equationsare invariant under the isotropic

scaling transforiations:
royAr, L XML b Mb, v AP, p s APy, (3)

where A > 0 is an arbitrary constant. Transformations of the type presented in (3) have
been discussed earlier for the hydrodynamic case [Frisch,1983). The exponent % can
be defined by physical conditions. The condition commonly used, originally proposed
for hydrodynamics by Kolinogorov, [1941] is that therate of energy transfer be scale
invariant, 1.c.

£~ — =~ ko (4)

is independent of k. Here 7 = 1 /kvy is the characteristic time for energy transfer. This
condition immediately results inthe Kolinogorov spectruin b =1 /3, or k=%/3 for the

onc-dimensional spectrum

k4 dk
/k E(k)dk « o2, (5)

When inaddition to the random velocity field there is a uniform velocity, such as
the solar wind velocity Vsw, the invariance (3) is still valid inthe coordinate system co-
moving with the wind. In contrast, the addition of a uniform magnetic field breaks the
invariance [Kraichnan, 1 965].

In the limit when the uniforin magnetic field is weak compared with the fluctuating
field (inthe entire inertialinterval or at least for sinall k), the invariant solutions (3)

still exist, however the Kolmogorov exponent no longer pertains. This case is referred to




as “strong turbulence”. The turbulence now has the form of interacting randoin phased
Alfvén waves propagating in the magnetic field by associated with the largest scale ko
of the cascade. In addition tothe characteristic time 7, the decorrelation time of the
waves 7, = 1 /kbg inust be considered. The character istic time determining the rate of
encrgy cascade can be estimated from the following physical considerations [Kraichnan,
1965; Dobrowolny et al.,1980]. According to Eq. (1) the variation in amplitude of a
given fluctuation b, due to the nonlinear interaction is 0bk = kb?7,. After N incoherent
lil‘ntcra.ctions the amnplitude is NY28by. Thus it takes {1 /kbk)%{zz(n{/n)? interactions
to produce a variation cornparable to the initial amplitude. The corresponding time for
the nonlincar interaction is 7, == (7/7,)7Kx. Substituting this lime, instead of 7, into
(4) results inthespectrum k 3/2 instead of the Kolmogorov specirum.

Assuming that above reasoning is based on 3-wave resonant interactions Goldreich
and Sridhar, [ 1995] claim that this interaction car: ies no euergy; consequently the
Kraichnan theory is incorrect. Montgomery and Matthaeus, [1 995] have shown, however,
that this claim is based on a semantic pitfall, andthe triad inter actions always carry
an cnergy. It is worth noting also that Kraichnan,[1 965] did not consider any specific
type of interaction. Only dimensionless arguinents have been used. We show in this
paper, [see also Ruzmaikinetal., 1 995; Horbury et a., 1995],1hatin the regions of the
solar wind where the magnetic field fluctuations are stronger thanu the mean field, the
turbulence can be approximated as isotropic.

Note that in the solar wind,in addition to the energy, there is another integral,
the so called cross-helicity 2 [ vbd3z. Because of the Alfvén wave relation v = =b,
the scale invariance of the cross-helicily reduces to the same condition as follows
fromn the energy scale invariance. Thus no extra condition on & appears. However,

a llo]l-zero cross- helicity reduces the strength of the nonlinear interactions which are
duc to “collisions” of waves withthe opposite sign of cross-helicity [Kraichnan, 1965;

Dobrowolny et al., 1990].




In the other limiting case, when the mcan magnetic field I3 is stronger than
the fluctuating field ( “weak turbulence”), scaling invariance can be recovered if one
abandons the requiremnent of isotropy. Lel vy and by be the amplitude of the velocity
and magnetic field perturbations respectively. These perturbationsare perpendicular
to B and are dependent on spatial scales parallel (k,') and perpendicular (k7') 1o B.
To check the invariant properties of Iigs. (1, 2) we replace thein by order of magnitude

expressions. Ior example, instead of Iiq. (1) we use

8by
4 X B]C“’U;; -+ bkk_l Vi (6)

where 74 o< 1 /)3 is now the smallest characteristic time. Theinvariance (3) is

generalized as

ky — /\hlkl, 1— /\]—hi, b — /\~hbk, Ve — /\-hvk, Pr /\"2hpk, k“ — )\hhlk”

(7)
The immediate consequence of this invariance is some degree of anisotropy.The
spectrum of fluctuations has the form
ko kiTh, (8)
by o« kit 9)

Only scaling manipulations have been used to this point. No physics has been involved.
Let us turnto physics to determine the exponent k.

The first term on theright hand side of J2q.(6) describes the propagation]] of Alfvén
waves along the large- scale magnetic field. The second term refers to the nonlinear
interactions between the waves which drive the turbulent cascade. From the physical
point of view, the interaction is carried out by “collisions” of oppositely directed Alfvén
waves [Kraichnan, 1965]. In order to have a consistent picture of the Alfvén wave

cascade, these two terms are expected to be equally important, i.e.

Bk” ~ klvk (]O)



Put differently, if this condition is valid it implies the approximate equality of the three
characteristic times 7, = 1 /ky vg, Taand 77 /1 a. The thit d time defines the rate of
nonlinear transformation of energy from scale ktoscale 2k. Also due to this condition
(6b,)? is of the same order asb?. The rate of cnergy transfer in the cascade takes the
very simple form

)’

e~ (-‘é -~k BbE o k)% (11)

a
This gives h = 1 /3. The anisotropization of MHD turbulence by this type of mechanism
was studied numnerically by Shebalinet al,, [1 983]. The anisotropic spectrumhb = 1/3 is
discussed inan astrophysical context by Goldrcich and Sridhar,|[1995).

1’0 cstablish a correspondence between the theory and observations we have to take
into account that spacecraft data are obtained as a time series at a given spatial point.
however, thcy reflect the spatial distribution of the fieldsin so far as fluctuations earl be
considered as being frozen into the supersonic solar wind; that is, the Taylor hypothesis
holds [Matthacus and Goldstein, 1982]. In practice, instead of the I‘ourier amplitudes,
the one-dimensional spectrum (5) is always used. In the anisotropic situation we
can define the one-dimensional spectrum as follows: (a) for incasurements taken in a
direction perpendicular B

b

Fioxc—*oc k7! (12)

L

(b for mcasurements taken in a direction along B

pL 3]
1

L g t
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With = 1/3 one has I/, kls/:; and [y o 1014/3 cxk“’2. This “weak turbulence” result
is different from the “strong turbulence” result discussed above.

in this discussion we have not used the terminology of the specific models such as

the 2-Dand dlab models which assume that waves propagate only along or ouly across

the meanmagnetic field (for details see review Matlhacus ctal. [1 994] with references



therein). We have just referred toa simple isotropic approximation and an extreme
anisotropic case. Some of the measures of anisotropy calculated below can, however, be
used for testing these models.

It is worth while to discuss the problem of the kind of measure thatl can be used
for the specification of anisotropy in observational studies. Obs ervationally, wc have a
time series of the three components of the magnetic field. The idea, first used by Sari
and Valley,[1 976] intheir study of the Pioneer 6data,isto construct power spectra,
and correlation functi ons for periods when the data were taken along the large-scale
magnetic fieldand for periods when the data were taken in the direction perpendicular
to the large- scale magnetic field. (Data always are taken aong the heliospheric radial
dircction because the solar wind velocity is essentiall y radial. ) More generaly, the
statistical properties of fluctuations are expected to be dependent on the angle between
the inean ficldand direction in which the spacecraft takes the data. ‘I"’his more general
approach was used by Matthaeus et al.[1 990] in their study of 15 min-averages of ISEL
3 magnetic field datla.

In this paper we restrict ourselves mainly to the study of periods when the mean
magnectic field was nearly parallel and nearly -perpendicular to the direction of data
acquisition. Because the spacecraft measures the magnetic field inthe radial flow of
the solar wind, the existence of such intervals depends on theangle between the radial
direction and mean maguetic field. Figure 1 shows this angle for a time period starting
from July 1993 when the spacecraft was at about 4.4 AU from the Sun and at -37.8°
heliolatitude and ending in December 1994 when the spacecraft wasatl1.57 AU and -
44.8° heliolatitude. There is a global trend towards a radial field asthe spacecraft goes
towards the pole, ingeneral accordance with the evolution of the Parker spira field. One
can aso seethat the angle fluctuates relative to the trend corresponding to the Parker
field, sothat periods when the daily averaged magnetic field is nearly perpendicular or

nearly parallel to the radial direction are available.




We first select periods with no CMEs, shocks, and other disturbances. Separately,
we then investigate the turbulence inside several CM Es. The mean magnetic field is
defined for cachtime series asthe average over the whole interval considered. Then we
transform the original data intoa coordinate system in which the x component is along
the mean field, y component is perpendicular to the plane defined by the mean field and
the radial directioni .c. the direction of the velocity of the solar wind, and z completes
the orthogonal system.

We use the following quantities to characterize the anisotropy:

(1) The ratio of power along the large-scale magnetic field tothetotal power in the
perpendicular directions:
2 (Syy + 5z

> . e\Vwy T
Fe= "9 ..

(2) The ratio of power in the direction perpendicular tothe plane defined by the mean
magnclic field and the radial direction to the power in the other direction perpendicular

{0 the mean ficld:

It is expected [Bicber et al., 1995] that in the slab inodel (when waves propagate only
along the mean field) this ratio is equal to one,and in the 2-1) (when waves propagate
almost perpendicular to the incan field) the ratio is larger than one and that the ratio is

an increasing function of the angle between the mean field and the radial direction.

(3) The correlation time for the field component along the hwgc-scale magnetic field
and correlation times for the components perpendicular to the large-scale magnetic field.
The correlation time 7is defined as the point at which the (aulo) correlation function
for the corresponding component drops by a factor of two. The correlation Jength

can be inferred from the correlation timne by multiplying by the solar wind velocity.



I't isexpected [inarkeiteBicber ef al., 1 995)that inthe slab model 7, is the shortest

corrdation timme, and in the 2-D 7, is the longest correlation timne.

(4) the spectral exponents for measurements made “along’ the large-scale magnetic

ficldaud in the “perpendicular” directions.

Amsotropy of Magnetic Field Fluctuations in Undisturbed
Regions

Weanalyze several 1 -miT1l-averaged timescrics for the magnetic field. These time
scrie arc taken from the data obtained by Ulysses inthe fast solar wind from the south

polarhole. The spectra for these time series are calculated with the help of the structure

funchons
Sa(m)= (Bt +T)-- &:(1))%)

whemi=1x,y,2;7 isa variable time-lag, and the averaging; is taken over all i of
the thta set [Ruzmaikinet al., 1995; Horbury el al.,1995]. Note that S(0) = O and
S(od) = 2( [b; |*) [Monin and Yaglom, 1975]. For corrclatiort analysis we use the
(autgcorrelation functions C(7) = ( b;(t -i 7)bi(1) ) which arc simply related to the
st rudiure function: 87 ) = 2({(b?) — C(7)).Inthe inertial interval the structure functions
scaleas Sii(7) oc 752 where the exponent is directly related to the speciral exponents
«; ofeach component, a; = 1 + s;(2).

For a Gaussian distribution of turbulent fields, the knowledge of these (second-order)
strudlure functlions is sufficient to characterize the turbulence [Monin and Yaglom,
1975) However, the observed fields are intermittent, i.e. non-Gaussian [sec Feynman
and Buzmaikin, 1994 and references in that paper] so that the structure functions of
Lighe order are nceded. In general, the p order structure fuuctions scale as ) je
every structure functionhas its own exponent. ‘1 hesecexponentsallow a “correction”

to thk smmld-order spectral exponent to be found[Ruzmaikin et al, 1995]. We do not




make these corrections in this paper. Note only that in the case of a normal turbulent
cascade (the energy cascades fromnlarge scales tosm a 1 scales) the corrections arc always
negalive, i.e.the observed spectral exponents will be higher than those predicted from
the scco]ld-order theories.

The Ulysses spacecraft was well within thesolai wind from the south polar hole
in late 1993. The solar wind speed was consistently inthe 700" to 800 km/s range.
Compressions, rarefactions an d shock waves had weakened or d isappeared. There were
few coronal mass cjections[Phillips et al., 1995]. in b1 icf, we had a steady fast solar wind
with few large-scale disturbances. These data preserit a unique opportunity to study
the waves and turbulence inan undisturbed wind. In our previous study [Ruzmaikinet
al., 1995; 1, scc also [Horbury et al., ]1995] , we found that the spectrum is self-similar
on time scales between 1 min and about half an hour. The corrected spectral index in
this region has been estimated to be consistent with 3/2. Horbury et al., [1 993] have
shown that the spectrum at lower frequencies has a spectral exponent about a= 1,
and it is unaffected by intermittency. The present study focuses on frequency range
corresponding to thetimerange between 1 min. and16 min in which spectra have
aclcar power-law forin (In some cases this interval can be extended to half an hour
or more). Wc use several 1- rein- averaged data sets from the Ulysses magnetometer
[Balogh etal., 1992]. The duration of time series used isbetweenabout one and three
days. (There arc 1440 data points in a day. ) Only those {ime series are selected for
which the angle between the radial direction and mcan magnetic field, determined from
the curve mFigure 1, remains essentially unchanged.

We sclect for our analysis severa undisturbedtime periods whenthe spacecraft was
al Jarge heliocentric latitudes. The first time interval covers days 258 and 259,1993,
when the angle between the radial direction and mean magnetic field was close to 90°
(sce I'able 1 ).In two other intervals, days 273- 274 (111 in ‘7’able 1),and days 318-320

(IVin ~able 1),1994, the mecan field was alinost antiparallel to the radial direction.



The results for an interval (11) with an intermmediate angle are present ed in Table 1. The
ratio of particle pressure to mmagnetic pressure (the plasma parameter f3)is greater than
one for alltime series considered [J. L. Phillips el al., 1995].

Figure 2 shows the deviations of the magnetic field components from the mean
field for thefirst data set i.e. for the 258-259, 1994 interval whendata are taken inthe
direction perpendicular to the mean magnetic field itself, Note that the variations of the
components of the magnetic field are larger than the mean field. There is no anisotropy
inthe power measured by é indicating thatthe slab model is a good approximation io
this data set.

The magnetic field data in Figure 2 arc used to calculate the autocorrelation
functions for each component (Figure 3). The corrclations inall threc components
decrcase quite smoothly with lag 7 with a correlation time inthe direction of the
mean field being intermediate between the correlation times for the other components.
Figure 4 showsthe second-order structure functions for this data setlin the self-similar
range. In the calculation of the structure functions we use 7::-29/2,j = 01,2, . . . in
the units 1 minas the time lag. The spectral exponents for the threc components are
almost equal; at least we could not distinguish them within our accuracy +0.1.

The results of calculations are presented in Table 1 for all data sets used. In the
‘1’able 1ais the observed slope of the power spectrum found with a help of the second-
order structure function. Within the accuracy of our calculation we could not say that
the spectra] exponentsare systematically different i different directions or for different
angles ¢b. The ratio of the power perpendicular to the mean field to that along the
mecan field is always larger than one (rI'able 1 ) in accordance with the Alfvén wave
character of theturbulence. Theratio of the powers in two perpendicular directions is
variable but does not show any systematic angular dependence. If the turbulence is
highly anisotropic the correlation time in the x-direction would be much larger than in

the other directions. This is not the case for any of the tiine series. Note that for all




intervals studied the ratio of the fluctuating ficld to the mean field é13/15 is large (sce
the Jast coluinnin Table 1). This ratio is defined astheratio of the sum of standard
deviations for the three ficld commponents to the mean field,

Thus we tend to conclude that the strong turbulence observed inthe undisturbed
solar wind from the polar hole can be described by an isotropic approximation. Unless

there isa model capable of characterizing the amount of observed an isotropy.

Anisotropy of Fluctuations within CM Es

The turbulence in the undisturbed polar wind is strong (6/3/13 > 1).However
813/ 13 is smaller in regions within coronal mass ejections observed in the solar wind.
Althoughthe fluctuations within CMEs may nave a diflerent nature from these in the
undisturbed wind it is nevertheless interesting to investigate the anisotropy of these
relatively weak fluctuations. J. Gosling has identified CMEsin the Ulysses data (private
communication),and we have chosen three: of these CMEsin whichthe ratio 13/ is
less than one and the magnetic field fluctuations appear to be turbulent. Figures 6-8
show the data, st ructure functions and correlation functions for a CMI observed on
days 111-112, 1994.The results for this and two other CMEs are compiled in ‘Jable 2.

Although the fluctuations of the field are still large, they are sinaller than the
mecan field magnitude. The correlation function in the first cascinlable 2 is strongly
influenced by structures within the CME for time lags larger than about 20 min.
Therefore incaningful correlation times in this case could not be determined. However
from the behavior of the correlation function for 7-s1 nailer than 20 min we find that
T, < Ty < Tp. In this seuse the first case in Table 2 is consistent with the predictions of
the anisotropic 2- 1) model. Inihe other two casesthe ratios of the correlation times are
notl inaccordance with the 2-1) model, Althoughno conclusions can be derived from
these sinall number of cases, the weak MIID turbulence within CMIs appears to have

the same spectra] exponenti as the strong turbulence in the polar wind. ‘1’here is some




evidence for increased anisotropy in the power ratios P, and 6.

Discussion

Our results, while not obtained by extended statistically study, cvidence thatthe
turbulence from the polar holes is less anisotropic than the turbulence inthe ecliptic
plane. I{ isinteresting that before the launch of the Ulysses Roberts, [1 980] using
evolutionary arguments predicled that the polar fluctuations were likely to be nearly
isotropic.

We do 0t find any essential differences in the spectral slopes for the power
calculated in different directions. We believe that the basic cause of the near isotropy is
the large magnitudc of the fluctuating field compared with the mecan field (the strong
turbulence), and, perhaps, the large plasma (3. In fact, the study of the turbulence
inside CMIs where the fluctuating magnetic field is relatively sinall (turbulence is
weaker) suggest anincreasc of the degree of anisotropy as ineasured by the power ratios
P, arid 6.

Our results do not confirm the anisotropy of the spectrum which would have been
expected from the theoretical considerations by Goldreich and Sridhar, [1 995]. The
basic inconsistency is perhapsnot 5/3 for the time series taken perpendicular to the
mean ficld bul absence of atendency towards the k|_|2 spectrumn for the time series taken
indirections away from the perpendicular (time series 111 and1V in the Table 2). [Note
also that anintermittency correction to the observed spectrumimplies that the spectral
exponent is even less than that presented in Tables 1 and 2. ]. venin the weak
turbulence case our results arc somewhat consistent with isotropic approximation to the

MIID turbulence.
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Figure Captions

Figire 1. The angle between the radial direction andhourl y-averaged magnetic field for

the period starting day 240, 1993 and ending day 365, 1994,

Figire 2. The magnetic field during the period 258259, 1994. The x-coordinate is along

the mean field. The mean field and long-term linear trend are removed from the data.

Figire 3. Correlation functions for the magnetic field components for the time series

taken on days 258-259, 1993.

Figire 4. Structure functions for the magnetic field components and the invariant trace
of the ficld obtained from the time series takenon days 258-259,1994. The fluctuations are

self-similar in this time range. The slope gives the spectra] exponent.

Figire 5. Correlation functions for the magnetic field components for the time series
taken in the days 318-320, 1994 (interval IV in ‘1'able 1), The mean magnetic field in this

period is almost antiparalleltothe radial direction.

Figire 6. The magnetic fieldina CME observed during the period 111-112, 1994. The

mean field is removed from the data for the components.

Figire 7. Correlation functions for the magnetic ficldin the CME for the time series

taken in the days 111-112, 1994.

Figire 8. Structure functions for the magnetic field components and the invariant trace

of the. fieldin the CME (from the time series taken in the days 111-112, 1994).



Table 1. The Angle Between the Radial Direction and Mean IMield ¢, the Power
Anisotropy F,, the Ratio 6 of Powers in Two Perpendicular 1)irections, Correlation
Times 7ry . and Spectral Indices @ for the Magnetic Iields Components, The interval
I corresponds to days 258-259, 1993, 11stands for day 275, 1994, 1lstands for days

273-274, 1994, and IV stands for three days interval 318--320, 1994

v o6 n on, om o o . 6B/B
B o1° 11 1.0 38 38 54 17 16 18 2
1 118° 1.4 1.6 19 10 16 1.7 1.6 16 25
1 175° 1.6 1.2 10 23 16 1.6 1.7 1.6 15

A 173° 1.8 12 10 13 32 1.6 1.6 1.6 14




Table 2. The Angle Between the Radial Direclion and Mcean Field ), the Power
Anisotropy P, the Ratio é of Powers in Two Perpendicular Directions, Correlation Times
Teu,» and Spectral Indices o for the Magnetic Fields Components iuside Chills. ‘he
interval 1 stands for days 40-41, 1994, |l corresponds o days 58--59, 1994, and 111 siands
for two days interval 111--112, 1994

" r 6 n 7, T o o o, 6B/B
! 93° 1.7 8 - - - 17 1.5 1.7 0.5
11 134° 26 2 10 19 38 15 1.7 1 7 0.85
1 134° 4 7 7 16 10 15 17 16 0.7
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Ulysses93 1 min days: 258- 259; X (x), Y (0), Z(+)
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Ulysses94 1 min days: 318- 320; X (x), Y (0), Z(+)
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Ulysses94 Imin days: 111- 112; X (x), Y (0), Z (+)
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